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APPENDIX  A 

DETAILED  SURFACE  SECTIONS 

The  detailed  surface  section  logs  presented  in  this  appendix  are  described  in 
Subsection  5.1  in  Book  1  of  this  volume. 
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APPENDIX  B 

BIBLIOGRAPHY  OF  CARBONATE  ROCKS 

This  bibliography  of  source  material  related  to  carbonate  rocks  is  cited 
in  Subsection  5.2  in  Book  1  of  this  volume. 
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APPENDIX  C 

HISTOGRAMS  FROM  DROP  HAMMER  TESTS  ON  CARBONATE  ROCKS 

The  histograms  presented  in  this  appendix  record  experimental  data  from  the 
drop  hammer  tests  described  in  Subsection  5.2  of  Book  1  of  this  volume. 
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APPENDIX  D 
DETAILED  SURFACE  SECTIONS 


The  detailed  surface  section  logs  presented  in  this  appendix  are  described  in 
Subsection  5.2  in  Book  1  of  this  volume. 
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APPENDIX  E 

EXPERIMENTAL  DATA  FOR  SODIUM  REMOVAL  FROM  LIGNITE  BY  ION  EXCHANGE 

The  experimental  data  presented  in  the  tables  in  this  appendix  are  des- 
cribed, interpreted,  and  presented  in  graphic  form  in  Subsection  7.2 
of  Book  1  of  this  volume. 
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DATA  ON  STIRRED  BATCH  EXPERIMENTS:      TABLES   E-l   through  E-31 


Sodium  removal   from  Beulah,   North   Dakota,    lignite  by  ion  exchange  in 
agitated  slurries  having  50   GM  of  lignite  in   150  ML  of  solution.      The 
lignite  s  lurries  we  re  stirred   for  varying   times    under  the   following 


conditions 


10 


-3 


molar  CaCT2,    6.2  pH,    3  to  6°C,    -14+20  mesh 


CONTACT 

TIME 

30 

minutes 

60 

minutes 

75 

minutes 

90 

minutes 

120 

minutes 

%   SODIUM 
REMOVED 

6.4 
6.4 
8.9 
8.9 

7.7 


Table  E-l.      DATA   FOR  FIGURE   7-24 


Sodium  removal   from  Beulah,   North  Dakota,    lignite  by  ion  exchange  in 
agitated  slurries  having   50   GM  of  lignite   in   150  ML   of  solution.      The 
lignite  slurries  were  stirred  for  varying  times   under  the   following 
conditions:    10       molar  CaCl„.    6.3  pH,    23° C,    -14+20  mesh. 


2' 


CONTACT 

TIME 

30 

minutes 

60 

minutes 

75 

minutes 

90 

minutes 

120 

minutes 

%   SODIUM 
REMOVED 

22.0 
22.0 
20.5 
24.5 
20.0 


Table  E-2.   DATA  FOR  FIGURE  7-24 
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Sodium  removal   from  Beulah,  North  Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of  solution. 
The  lignite  slurries  were  stirred   for  varying  times   under  the   follow- 
ing  conditions:      10"     molar  CaCl    ,    6.5  pH,    3  to  6°C,    -14+20  mesh. 


CONTACT 

TIME 

90 

minutes 

120 

minutes 

150 

minutes 

%   SODIUM 
REMOVED 

56.0 
61.5 
61.5 


Table   E-3.      DATA  FOR  FIGURE    7-25 


Sodium   removal    from  Beulah,   North   Dakota,    lignite  by  ion  exchange 
in   agitated  slurries  having  50   GM  of  lignite  in  150  ML  of  solution. 
The    lignite  slurries  were  stirred  for  varying  times   under  the   follow 
ing   conditions:      10"     molar  CaCl    ,    6.5  pH,    23° C,    -14+20  mesh. 


CONTACT 
TIME 


%   SODIUM 
REMOVED 


15  minutes 
30  minutes 
60  minutes 
90  minutes 
120  minutes 
150  minutes 


57.5 
76.0 
83.0 
83.0 
88.5 
88.0 


Table  E-4.   DATA  FOR  FIGURE  7-25 
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Sodium   removal    from  Beulah,   North   Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite   in   300  ML  of  solution 
The   lignite  slurries  were   stirred   for  2  hours   under  the   following 
conditions:      23°C,    -10+14  mesh. 


pH 


%   SODIUM 
REMOVED 


Distilled  HO 


3.0 

4.0 
4.9 
5.4 
6.0 


15.5 
18.0 
15.5 
17.0 
16.8 


CaCl  =10 


molar 


3.3 

4.0 
4.3 
5.4 
5.7 


28.5 
24.5 
22.0 
22.0 
19.0 


CaCl  =10       molar 


3.4 

4.4 
4.9 
6.7 
8.0 


83.0 
81.0 
70.5 
70.5 
70.5 


Table  E-5.      DATA  FOR  FIGURE   7-26 
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Sodium  removal   from  Beulah,   North  Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite  in   300  ML  of  solution, 
The   lignite  slurries  were  stirred  for  2  hours  under  the  following 
conditions:      10"'    molar  CaCl2,    3  to  6°C,   -14+20  mesh. 


%  SODIUM 
pH  REMOVED 

3.2  75.5 

5.3  73.5 
8.0  72.5 

Table   E-6.      DATA  FOR  FIGURE   7-27 


Sodium   removal    from  Beulah,   North  Dakota,    lignite  by   ion  exchange   in 
agitated  slurries  having  50  GM  of  lignite   in  300  ML  of  solution.      The 
lignite  slurries  were  stirred  for  2  hours   at   a  temperature  of  23°C. 


MESH  pH 

-6+10  6.0 

-14+20  5.7 

-20  5.7 

-6+10  5.9 

-14+20  5.7 

-20  5.7 


-6+10  3.1 

•14+20  3.1 

-20  3.1 


-6+10  3.1 

■14+20  3.1 

-20  3.1 

z 

Table  E-7.      DATA  FOR  FIGURE   7-28 


CaCl 
CONCENTRATION 

%  SODIUM 

REMOVED 

_3 
10    _  molar 

10    ,  molar 

10       molar 

20.5 
24.0 
31.0 

Distilled  HO 
Distilled  HX) 
Distilled  H^O 

17.0 

20.5 

24.5 

_3 
10   _  molar 

10    ,  molar 

10  '    molar 

25.0 

26.5 
34.5 

Distilled  HO 
Distilled  H^O 
Distilled  WZQ 

17.0 

29.0 

29.0 
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Sodium   removal    from  Glenharold  lignite,   Stanton,    North   Dakota,   by 
ion  exchange   in   agitated  slurries  having  50  GM  of  lignite   in   150 
ML   of  solution.      The   lignite  slurries  were  stirred  for  varying 
times   under  the   following   conditions:      Distilled  HO,    8.0  pH,    24°C. 

MESH  CONTACT  %   SODIUM 

SIZE  TIME  REMOVED 

-8+14  1  hour  1.15 

-8+14  2  hour  2.30 

-8+14  4  hour  3.44 

-8+14  8  hour  4.21 


CONTACT 

TIME 

1 

hour 

2 

hour 

4 

hour 

8 

hour 

1 

hour 

2 

hour 

4 

hour 

1 

hour 

2 

hour 

4 

hour 

8 

hour 

•14+28  1   hour  3.06 

■14+28  2  hour  4.21 

■14+28  4  hour  4.98 

28+48  1  hour  4.59 

28+48  2  hour  6.89 

28+48  4  hour  9.18 

28+48  8  hour  9.18 

Table  E-8.      DATA  FOR  FIGURE   7-29 
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Sodium  removal    from  Glenharold   lignite,   Stanton,   North   Dakota,   by 
ion  exchange   in   agitated  slurries   having  50  GM  of  lignite   in   150  ML 
of  solution.      The   lignite   slurries   were  stirred  for  varying  times 
under  the  following   conditions:      10"3  molar  CaCl9,    8.0  pH,    24°C. 


2' 


MESH 

CONTACT 

SIZE 

TIME 

-8+14 

1/4 

hour 

-8+14 

1/2  hour 

-8+14 

1 

hour 

-8+14 

2 

hour 

-8+14 

4 

hour 

14+28 

1/4 

hour 

14+2  8 

1 

hour 

14+28 

2 

hour 

14+28 

4 

hour 

28+48 

1/4 

hour 

28+48 

1/2 

hour 

28+48 

1 

hour 

28+48 

2 

hour 

28+48 

4 

hour 

Table  E-9. 

DATA  FOR 

FIGU 

%   SODIUM 
REMOVED 

6.52 
6.13 
4.60 
5.74 
9.58 

7.28 

7.65 

7.65 

12.24 

8.05 
7.66 
9.55 
9.55 
12.24 
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Sodium  removal  from  Glenharold  lignite,  Stanton,   North  Dakota,  by  ion 
exchange  in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of 
solution.     The   lignite  slurries  were  stirred  for  2  hours  under  the 
following  conditions:     24°C,   -8+14  mesh. 


MOLAR  %  SODIUM 

pH  Concentration  REMOVED 

4.0  CaCl?=10"^  7.6 

6.1  CaCn=10,  7.6 
7.9  CaCl^lO  6.8 

4.0  CaCl2=10"j  63.5 

5.8  CaCn=10  "J  62.0 

7.9  CaCl^lO  61.5 

5.8  MgCl  =10"^  16.5 

7.5  MgCl^lO"*5  13.0 

4.0  MgCl2=10^  64.3 


6.0  MgCi:=10   t  62.0 

7.9  MgCl^lO"1  59.7 

Table  E-10.      DATA  FOR  FIGURE   7-31 
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Sodium  removal   from  Glenharold   lignite,   Stanton,   North   Dakota,   by  ion 

exchange  in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of 
solution.  The  lignite  slurries  were  stirred  for  2  hours  under  the 
following   conditions:      3  to  6°C,    -14+20  mesh. 

CaCl?  %  SODIUM 

pH                                                CONCENTRATION  REMOVED 

3.1  10"J  molar  73.5 
6.3                                            10       molar  69.0 

3.0                                            10"^  molar  13.0 

6.3                                            10"     molar  10.5 

3.2  Distilled  HO  3.8 
3.7  Distilled  H  0  3.4 
5.9                                      Distilled  H^O  2.7 

Table  E-ll.      DATA  FOR  FIGURE   7-32 


Sodium  removal    from  Glenharold  lignite,   Stanton,   North  Dakota,   by  ion 
exchange   in   agitated  slurries  having  50   GM  of  lignite   in   300  ML  of 
solution.     The  lignite  slurries  were  stirred  for  2  hours   under  the 
following   conditions:      3  to  6°C,    -14+20  mesh. 

pH  CaCl„  %  SODIUM 

CONCENTRATION  REMOVED 

3.1  10 "J  molar  11.5 

4.0  10"     molar  8.2 
6.9                                           10"     molar                                          9.1 

3.1  Distilled  HO  4.6 

4.2  Distilled  H^O  0.3 
5.9                                    Distilled  H^O  0.3 

Table  E-12.      DATA  FOR  FIGURE   7-33 
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Sodium  removal    from  Glenharold  lignite,   Stanton,   North   Dakota,   by  ion 
exchange   in  agitated  slurries.     The  slurries  had  25   GM  of  lignite   in 
different  weight  ratios   of  solution   and  were  stirred  for  2  hours    under 
the  following  conditions:      10" 1  molar  CaCl2,    24° C,   -8+14  mesh. 

%  SODIUM 
SOLID: LIQUID   RATIO  REMOVED 

1:1  33.1 

1:3  65.0 

1:6  92.0 

1:12  104.0 

Table  E-13.   DATA  FOR  FIGURE  7-34 


Sodium  removal  from  Burke  County,  North  Dakota,  lignite  by  ion 
exchange  in  agitated  slurries  having  50  GM  of  lignite  in  150  ML 
of  solution.  The  lignite  slurries  were  stirred  for  varying  times 
under  the  following  conditions:   Distilled  HO,  8.0  pH,  24°C. 

%  SODIUM 
REMOVED 

3.25 
3.25 
5.01 
5.68 

6.32 
6.45 
5.68 

8.93 
9.20 
9.74 
9.74 


MESH 

C( 

DNTAC' 

SIZE 

TIME 

-8+14 

1 

hour 

-8+14 

2 

hour 

-8+14 

4 

hour 

-8+14 

8 

hour 

14+28 

1 

hour 

14+28 

2 

hour 

14+28 

4 

hour 

28+48 

• 

1 

hour 

28+48 

2 

hour 

28+48 

4 

hour 

28+48 

Table  E-14.      ] 

8 
3ATA  1 

hour 

:or  f: 
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Sodium   removal    from  Burke   County,   North   Dakota,    lignite  by  ion 
exchange   in  agitated  slurries   having  50   GM  of  lignite   in   150  ML 
of  solution.     The   lignite  slurries  were  stirred  for  varying  times 
under  the   following   conditions:      10~3  molar  CaCl^,    8.0  pH,    24°C. 

MESH  CONTACT  %   SODIUM 

SIZE  TIME  REMOVED 

8+14  1/4  hour  2.27 

8+14  1/2  hour  2.68 

-8+14  1       hour  4.16 

8+14  2       hour  4.83 

-8+14  4       hour  3.22 


10"3  mola 

CONTACT 

TIME 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

•14+28  1/4  hour  4.45 

•14+28  1/2  hour  4.05 

•14+28  1       hour  8.00 

■14+28  2       hour  9.45 

-14+28  4       hour  5.55 

28+48  1/4  hour  7.30 

28+48  1/2  hour  7.30 

■28+48  1       hour  8.40 

28+48  2       hour  9.45 

28+48  4       hour  6.20 

Table   E-15.      DATA  FOR  FIGURE   7-36 
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Sodium  removal    from  Burke   County,   North   Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite   in   150  ML  of  solution. 
The   lignite  slurries   were  stirred  for  varying   times   under  the   following 
conditions:      10"3  molar  CaCl    ,    8.0  pH,    24°C. 

MESH  CONTACT  %   SODIUM 

SIZE  TIME  REMOVED 


8+14 


8+14  1/2  hour  1.08 


-8+14 


-8+14  2       hour  3.38 

-8+14  4       hour  2.30 


14+28 


CONTACT 

TIME 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

2   hour 

4   hour 

0.54 


1.76 


14+28  1/4  hour  4.20 

14+28  1/2  hour  4.75 

14+28  1       hour  6.36 


8.93 


14+28                                                       4       hour  9.20 

■28+48                                                       1/4  hour  6.50 

■28+48                                                       1/2  hour  6.90 

28+48                                                       2       hour  8.93 

28+48                      4   hour  10.15 

Table  E-16.  DATA  FOR  FIGURE  7-37 
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Sodium  removal   from  Burke  County,  North  Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  CM  of  lignite  in  150  ML  of  solution. 
The  lignite  slurries  were  stirred  for  2  hours   under  the  following 
conditions:      24° C,   -8+14  mesh. 

MOLAR 
pH  CONCENTRATION 

6.2  CaCl 7=10'l 

8.0  CaCl^lO""5 

4.1  CaCl  =10"! 
6.0  CaCn=10~ 

8.0  CaCl^lO 

4.1  MgCl  =10'^ 

6.1  MgCl,=10", 

8.2  MgCl^lO 

4.1  MgCl   =10~J 

6.2  Mgcn=io"; 

8.0  MgCl^lO"1 

Table  E-17.      DATA  FOR  FIGURE   7-38 


%  SODIUM 

REMOVED 

8, 

,25 

4, 

,55 

36, 

,30 

36. 

30 

33, 

,30 

4. 

87 

4. 

33 

3. 

92 

37. 

89 

37. 

89 

36. 

54 

Sodium  removal   from  Burke   County,   North  Dakota,    lignite  by   ion  exchange 
in  agitated  slurries   having  50   CM  of   lignite   in   150  ML  of  solution. 
The    lignite   slurries  were  stirred  for  2  hours   under  the   following 
conditions:      3  to  6°C,    -8+14  mesh. 


pH 

MOLAR 
CONCENTRATION 

4.1 
6.2 
8.0 

CaCl2=10"^ 

CaCl2=10 

CaCl2=10 

4.1 
6.0 
8.0 

CaCl2=10"j 
CaCl  =10  : 
CaCH-lO 

4.1 
6.1 
8.2 

MgCl  =10"^ 

Mgcn=io"4 

MgCl^lO"-5 

6.2 
8.0 

MgCl  =10~j 
MgCl^lO"1 

Table  E-18.   DATA  FOR  I 

%  SODIUM 
REMOVED 

4.43 
4.55 
3.22 

34.30 
33.40 
31.80 

4.47 
3.38 
2.71 

28.42 
27.74 


Sodium  removal   from  Burke   County,   North  Dakota,    lignite  by   ion  exchange 
in  agitated  slurries.      The  slurries  had  25   GM  of  lignite  in  different 
weight   ratios   of  solution   and  were   stirred  for  2  hours   under  the   follow- 
ing  conditions:      10"1  molar  CaCl2,    5.9  pH,    24°C,    -8+14  mesh. 


SODIUM:  LIQUID  RATIO 


%   SODIUM 
REMOVED 


1:1 

1:3 

1:6 

1:12 

1:24 


11.6 

37.4 
53.0 
69.5 
71.5 


Table  E-19.   DATA  FOR  FIGURE  7-40 
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Sodium  removal  from  Bowman  County,  North  Dakota,  lignite  by  ion  exch 
in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of  solution, 
lignite  slurries  were  stirred  for  varying  times  under  the  following 
tions:   Distilled  HO,  7.8  pH,  24°C. 

MESH  CONTACT 

SIZE  TIME 

-8+14  1  hour 

-8+14  2  hour 

-8+14  4  hour 

-8+14  8  hour 

-14+28  1  hour 

-14+28  2  hour 

-14+28  4  hour 

-28+48  .  1  hour 

-28+48  2  hour 

-28+48  4  hour 

-28+48  8  hour 

Table  E-20.   DATA  FOR  FIGURE  7-41 


%   SODIUM 

REMOVED 

38 

.25 

29 

.25 

38, 

,25 

47, 

,25 

40, 

,50 

40, 

,50 

42. 

75 

42. 

75 

47. 

25 

47. 

25 

47. 

25 
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Sodium  removal   from  Bowman  County,   North  Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of  solution.     The 
lignite  slurries  were  stirred  for  varying  times   under  the   following  condi- 
tions:     10       molar  CaCU,    8.1  pH,   24°C. 

MESH                                                       CONTACT  %  SODIUM 

SIZE                                                           TIME  REMOVED 

-8+14                                                     1/4  hour  44.7 

-8+14                                                     1/2  hour  46.0 

-8+14                                                       1       hour  46.0 

-8+14                                                       2       hour  40.0 

-8+14                                                       4       hour  48.3 

-14+28                                                       1/4  hour  42.5 

-14+28                                                     1/2  hour  48.3 

-14+28                                                     1       hour  48.3 

-14+28                                                     2       hour  46.0 

-14+28                                                   4       hour  48.3 

-28+48                                                   1/4  hour  44.8 

-28+48                                                   1/2  hour  53.5 

-28+48                                                     1       hour  48.3 

-28+48                                                   2       hour  48.3 

-28+48                                                     4       hour  60.5 

Table  E-21.      DATA  FOR  FIGURE   7-42 
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Sodium  removal    from  Bowman  County,   North  Dakota,    lignite  by   ion  exchange 
in  agitated  slurries  having  50   GM  of  lignite  in   150  ML  of  solution.      The 
lignite  slurries  were  stirred  for  varying   times   under  the   following 
conditions:      10"3  molar  MgCl2,    8.0  pH,    24°C. 

%  SODIUM 
REMOVED 

33.75 
38.25 
41.62 
38.25 
46.13 

42.75 
49.38 
42.75 
37.13 
46.13 

45.00 
49.38 
55.13 
49.38 
49.38 

Table  E-22.      DATA  FOR  FIGURE   7-43 


MESH 

SIZE 

-8+14 

-8+14 

-8+14 

-8+14 

-8+14 

14+28 

14+28 

14+28 

14+28 

14+28 

28+48 

28+48 

28+48 

28+48 

28+48 

CONTACT 

TIME 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 
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Sodium  removal  from  Bowman  County,  North  Dakota,  lignite  by  ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of  solution.  The 
lignite  slurries  were  stirred  for  2  hours  under  the  following  conditions 
24°C,    -8+14  mesh. 


PH 


MOLAR 
CONCENTRATION 


%  SODIUM 
REMOVED 


4.0 
6.0 
8.1 


CaCl  =10~^ 
CaCH=10"^ 
CaCl^lO 

CaCl  =10"? 

cacn=io":} 

CaCl^lO 


47.6 
48.3 
47.6 

69.0 
69.0 
69.0 


4.0 
8.0 

4.0 
6.0 
8.0 


MgCl  =10"^ 
MgCl^lO""5 

MgCl  =10"? 
MgCn=10"J 
MgCl^lO 


48.0 
48.0 

59.6 
59.6 
59.6 


Table  E-23.      DATA  FOR  FIGURE    7-44 
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Sodium  removal   from  Bowman  County,   North   Dakota,    lignite  by   ion  exchange 
in  agitated  slurries  having  50   GM  of  lignite   in   150  ML  of  solution.      The 
lignite  slurries  were  stirred  for  2  hours    under  the   following   conditions: 
3  to  6°C,    -8+14  mesh. 


PH 


MOLAR 
CONCENTRATION 


%  SODIUM 
REMOVED 


4.0 
6.0 
8.0 


CaCl   =10 

CaCn=10' 

CaCK=10" 


44.8 
46.0 
34.6 


4.0 
6.0 
8.0 

4.0 
6.0 
8.0 


CaCl  =10 
CaCH=10 

caci^io 

MgCl   =10 

Mgcn=io" 
Mgcn=io" 


-1 
-1 


-3 


69.0 
66.5 
73.5 

42.8 
45.0 
47.1 


4.0 
6.0 
8.0 


MgCl   =10" 

Mgcn=io" 

MgC 1^=10 " 


64.1 
68.6 
66.4 


Table  E-24.      DATA  FOR  FIGURE   7-45 


Sodium  removal   from  Bowman  County,   North   Dakota,    lignite  by   ion  exchange 
in  agitated  slurries.     The  slurries  had  25  GM  of  lignite  in  different 
weight  ratios  of  solution  and  were  stirred  for  2  hours   under  the   follow- 


10 


1 


ing  conditions: 

SOLID.-LIQUID  RATIO 


molar  CaCl2,  24°C,  6.0  pH, 


%  SODIUM 
REMOVED 


1:1 

1:3 
1:6 
1:12 
1:24 


41.5 
87.5 
86.0 
95.0 
82.0 


Table  E-25.   DATA  FOR  FIGURE  7-46 
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Sodium  removal    from  Ward  County,   North   Dakota,    lignite  by   ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite   in   150   ML  of  solution.      The 
lignite   slurries  were   stirred  for  varying   times    under  the   following   condi- 
tions:     Distilled  H20,    8.2  pH,    24°C. 

%  SODIUM 
REMOVED 

36.0 
36.0 
37.8 
39.6 

36.0 

37.8 
40.2 
37.8 

39.6 
40.8 
37.8 
43.2 


MESH 
SIZE 

CONTACT 
TIME 

-8+14 
-8+14 
-8+14 
-8+14 

1 
2 
4 
8 

hour 
hour 
hour 
hour 

14+28 
14+28 
14+28 
14+28 

1 
2 
4 
8 

hour 
hour 
hour 
hour 

28+48 
28+48 
28+48 
28+48 

1 

2 
4 
8 

hour 
hour 
hour 
hour 

Table 

E-26. 

DATA  1 

-OR  FH 
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Sodium  removal   from  Ward  County,   North   Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  CM  of  lignite  in  150  ML  of  solution.     The 
lignite  slurries  were  stirred  for  varying  times   under  the  following  condi 
tions:      10~3  molar  CaCl2>   8.0  pH,   24°C. 


MESH 
SIZE 

-8+14 
-8+14 
-8+14 
-8+14 
-8+14 

-14+28 
-14+28 
-14+28 
-14+28 
•14+28 

■28+48 

■28+48 

28+48 

28+48 

28+48 


CONTACT 

TIME 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

1/4  hour 

1/2  hour 

1   hour 

2   hour 

4   hour 

Table  E-27.      DATA  FOR  FIGURE   7-48 


%   SODIUM 

REMOVED 

38 

.8 

43 

.5 

47 

.6 

47, 

,0 

47, 

,6 

36, 

,9 

40 

.5 

49, 

,0 

49, 

,0 

50, 

,6 

41, 

,0 

40. 

5 

47. 

0 

47. 

6 

53. 

0 

253 


Sodium  removal    from  Ward  County,   North   Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50   GM  of  lignite   in   150  ML  of  solution.      The 
lignite  slurries  were  stirred  for  varying  times    under  the   following   condi 
tions:      10"3  molar  MgCl    ,    8.0  pH,    24°C. 

MESH  CONTACT  %   SODIUM 

SIZE  TIME  REMOVED 

-8+14  1/4  hour  40.8 

-8+14  1/2  hour  42.6 

-8+14  1       hour  46.2 

-8+14  2       hour  48.0 

-8+14  4       hour  46.2 


CONTACT 

TIME 

1/4  hour 

1/2  hour 

1 

hour 

2 

hour 

4 

hour 

1/4 

hour 

1/2  hour 

1 

hour 

2 

hour 

4 

hour 

1/4  hour 

1 

hour 

2 

hour 

4 

hour 

14+28  1/4  hour  44.4 

14+28  1/2  hour  49.2 

14+28  1       hour  52.8 

14+28  2       hour  53.4 

14+28  4       hour  49.2 

■  28+48  1/4  hour  47.4 

28+48  1       hour  55.2 

•  28+48  2       hour  51.6 

28+48  4       hour  51.6 

Table  E-28.      DATA  FOR  FIGURE   7-49 
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Sodium  removal    from  Ward  County,   North   Dakota,    lignite  by   ion  exchan; 
in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of  solution, 
lignite  slurries  were  stirred  for  2  hours   under  the  following  condit 
24° C,    -8+14  mesh. 


pH 

4.0 
6.0 
8.0 

4.0 
6.0 
8.0 

4.0 
6.0 
8.0 


MOLAR 

CONCENTRATION 

CaCl   = 
CaCH= 
CaCl^ 

=  10" 

=  10" 

=  10" 

■3 
■3 
-3 

CaCl  = 
CaCH= 
CaCl  2= 

=  10" 
=  10" 
=  10" 

■1 
•1 
-1 

MgCl   = 

Mgci;= 

MgCl^= 

=  10" 
=  10' 
=  10" 

-3 
•3 
■3 

MgCl   - 
MgCO 

MgCl^ 

■10" 

10" 

=  10" 

■1 

•1 
1 

%  SODIUM 
REMOVED 

37.4 
37.4 
35.0 

70.0 
68.9 
70.0 

37.4 
36.3 
36.3 

57.0 
51.3 
56.0 


Table  E-29.   DATA  FOR  FIGURE  7-50 
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Sodium  removal   from  Ward  County,  North  Dakota,    lignite  by  ion  exchange 
in  agitated  slurries  having  50  GM  of  lignite  in  150  ML  of  solution.     The 
lignite  slurries  were  stirred  for  2  hours   under  the  following  conditions' 
3  to  6°C,   -8+14  mesh. 


pH 

4.0 
6.0 
8.0 

4.0 
6.0 
8.0 

4.0 
6.0 
8.0 

4.0 
6.0 
8.0 


MOLAR 
CONCENTRATION 


SODIUM 


CaCl~=10 
CaCn=10 
CaCl^lO' 

CaCl  =10 
CaCH=10 
CaCl^lO' 

MgCl  =10" 
MgCH=10" 
MgCl^lO" 

MgCl  =10 

Mgcn=io 
Mgcn=io' 


-3 


-1 


-1 


REMOVED 

34 

8 

33 

.0 

33 

8 

58 

5 

58 

5 

58 

5 

34. 

8 

31 

2 

30. 

0 

55 

8 

54. 

0 

55. 

8 

Table  E-30.      DATA  FOR  FIGURE   7-51 


Sodium  removal   from  Ward  County,  North  Dakota,    lignite  by  ion  exchange 
in  agitated  slurries.     The  slurries  had  25  GM  of  lignite  in  different 
weight  ratios   of  solution   and  were  stirred  for  2  hours   under  the  follow- 
ing conditions:      10~  "  molar  CaCl,,,    24°C,   6.0  pH,    -8+14  mesh. 


'2' 


SOLIDrLIQUID  RATIO 


%  SODIUM 
REMOVED 


1 

1 

1 

3 

1 

6 

1 

12 

1 

24 

Tab] 

.e  E-31. 

29.7 
60.5 

67.8 
87.5 
70.0 


DATA  FOR  FIGURE    7-52 
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DATA  ON   COLUMN    ION- EXCHANGE    1-XPIiR IMliNTS :      TABLOS    L:-32   THROUGH   Ii-71 


Results   of  sodium  removal   from   lignite  by   column  ion  exchange.      Coal  sample 
was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The   calcium  wash 

solution  was  prepared  by  bubbling  C02   through  water  in  the  presence   of 
calcium   carbonate. 

T  =   24°C       pH  =    3.12  Ca++0  =    334.5   PPM     AVERAGE   FLOW  RATE   =    25.37  ML/MIN 

ELAPSED  TIME    (MIN)  FLOW  RATE    (ML/MIN)           CUMULATIVE  Na  REMOVED   (%) 

10  22.3  3.37 

20  21.5  6.54 

30  28.4  13.96 

40  25.7  20.16 

50  24.2  26.04 

60  28.8  35.50 

70  25.1  42.05 

80  26.6  48.12 

90  24.7  52.00 

100  27.2  55.81 

110  26.1  58.68 

120  26.4  61.17 

130  24.7  63.13 

140  26.4  65.08 

150  27.4  67.26 

160  20.4  69.50 

Table   E-32.      DATA  FOR  FIGURE   7-54 
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Results   of  sodium  removal    from   lignite  by   column   ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  C02  through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24°C       pH  =    3.13       Ca++0  =    290.13  PPM       AVERAGE   FLOW  RATE  =    35.66  ML/MIN 

ELAPSED  TIME    (MIN)  FLOW  RATE    (ML/MIN)  CUMULATIVE  Na  REMOVED   (%) 

10  29.4  11.58 

20  35.2  22.34 

30  41.1  34.19 

40  34.9  42.18 

50  32.5  51.51 

60  40.3  61.90 

70  37.4  68.61 

80  33.2  73.77 

90  35.3  77.50 

100  35.7  80.16 

110  32.7  82.75 

120  34.3  84.64 

130  37.4  87.07 

140  38.1  88.57 

150  37.5  89.95 

160  35.6  91.10 

Table  E-33.      DATA  FOR  FIGURE    7-54 
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Results  of  sodium  removal   from   lignite  by   column  ion  exchange.      Coal 
sample  was   50   GM  of  -8  mesh   lignite    containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  CO2   through  water  in  the 
presence  of  calcium  carbonate. 


T  =   24°C     pH  =   3.15     Ca++o  =   322.6   PPM     AVERAGE  FLOW  RATE  =  46.63  ML/MIN 
ELAPSED  TIME    (MIN) 


FLOW  RATE    (ML/MIN)  CUMULATIVE  Na  REMOVED   (%) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 


81.6 
63.7 
58.9 
49.4 
46.3 
51.1 
47.8 
48.1 
44.8 
45.1 
38.5 
36.9 
36.8 
36.7 
33.9 
26.5 


44.20 

63.70 

74.33 

85.33 

91.89 

95.47 

98.29 

100.91 

102.94 

104.80 

106.34 

107.78 

109.17 

110.46 

111.57 

112.42 


Table  E-34.      DATA  FOR  FIGURE   7-54 
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Results   of  sodium  removal   from   lignite  by   column   ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was   prepared  by  bubbling  C02   through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24° C       pH  =   4.0  Ca++0  =    331.09  PPM       AVERAGE   FLOW  RATE  =    25.14  ML/MI N 

ELAPSED  TIME      (MIN)  FLOW   RATE      (ML/MIN)         CUMULATIVE   Na   REMOVED    (%) 

10  21.5  11.49 

20  24.8  23.06 

30  25.2  34.27 

40  29.3  43.32 

50  21.8  49 .  39 

60  25.0  53.13 

70  22.4  55.57 

80  23.6  58.05 

90  25.6  60.82 

100  29.3  64.14 

110  25.2  66.55 

120  26.9  68.55 

130  25.9  70.29 

140  24.4  71.56 

150  28.4  72.98 

160  23.0  74.13 

Table   E-35.      DATA  FOR  FIGURE    7-55 
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Results   of  sodium  removal   from  lignite  by  column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh  lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  CO?  through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24° C       pH  =  4.0         Ca++0  =   346.45  PPM       AVERAGE   FLOW  RATE  =    35.46  ML/MIN 

ELAPSED  TIME    (MIN)  FLOW   RATE    (ML/MIN)  CUMULATIVE  Na  REMOVED    (%) 

10  36.7  26.10 

20  33.8  44.31 

30  39.8  59.41 

40  34.2  67.39 

50  34.1  73.11 

60  36.9  78.13 

70  47.0  82.18 

80  37.9  84.41 

90  33.6  86.39 

100  33.4  88.21 

110  33.2  89.81 

120  33.4  91.20 

130  32.9  92.53 

140  32.5  9  3.70 

150  37.2  94.91 

160  30.8  95.90 

Table   E-36.      DATA  FOR  FIGURE   7-55 
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Results   of  sodium   removal    from   lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh  lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  C02   through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24° C       pH  =   4.0  Ca++0  =   29  8.2  PPM         AVERAGE   FLOW  RATE   =   5  7.44  ML/MI N 

ELAPSED  TIME    (MIN)  FLOW  RATE    (ML/MIN)  CUMULATIVE  Na  REMOVED    (%) 

10  56.5  37.58 

20  62.2  59.28 

30  67.3  72.93 

40  65.7  79.28 

50  59.4  84.10 

60  59.8  88.02 

7°  62.3  91.31 

80  61.0  94.19 

90  60.0  96.89 

100  58.2  99.28 

110  55.2  101.33 

120  53.0  103.39 

130  51.6  105.14 

140  49.8  106.72 

150  49.4  108.20 

160  47.8  109.40 

Table  E-37.      DATA  FOR  FIGURE    7-55 
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Results   of  sodium  removal    from   lignite  by   column   ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh    lignite   containing  0.36  percent  Na.      The 

calcium  wash  solution  was   prepared  by  bubbling  CO2  through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24° C       pH  =   5.6  Ca++0  =   299.0  3  PPM       AVERAGE   FLOW   RATE   =    23.98  ML/MI N 

ELAPSED  TIME      (MIN)                        FLOW  RATE    (ML/MIN)  CUMULATIVE  Na  REMOVED   (%) 

10                                                     30.4  3.38 

20                                                     24.6  6.77 

30                                                     26.2  12.50 

40                                                     24.7  30.11 

50                                                    26.9  43.44 

60                                                      27.3  54.77 

70                                                    25.5  61.43 

80                                                  24.7  66.58 

90                                                  24.4  70.80 

100                                                  27.0  74.51 

110                                                     26.1  77.57 

120                                                   24.4  79.58 

130                                                   13.4  81.37 

140                                                  25.4  82.95 

150                                                  24.2  84.39 

160                                                  21.4  85.63 

Table  E-38.      DATA  FOR  FIGURE    7-56 
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Results   of  sodium  removal   from  lignite  by  column  ion  exchange       Coal 
sample  was    50   GM  of  -8  mesh    lignite   containing  0.36  percent  Na       The 
calcium  wash  solution  was  prepared  by  bubbling  C02   through  water  in 
the  presence  of  calcium  carbonate. 

T   =    24°C       pH  =    5.6  Ca++Q  =    264.33  PPM       AVERAGE    FLOW  RATE   =    35.06  ML/MIN 

ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED    (%) 

10  33.6  22   59 

2°  38.6  42;06 

30  33.0  54.42 

4°  32.7  61.21 

™  36.4  68.02 

6°  37.5  72.96 

2  23-°  76.61 

n8°  33.0  79.65 

mn  3?-2  82'50 

100  33.0  84.81 

]\°n  33-8  86.80 

120  34.6  88.57 

90.51 


130  50.6 

140  29.4 

130  35.4 

160  33^5 

Table  E-39.      DATA  FOR  FIGURE    7-56 


91.77 
93.13 
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Results   of  sodium  removal   from   lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  was   solution  was  prepared  by  bubbling  CO2   through  water  in 
the  presence  of  calcium  carbonate. 

T   =    24° C       pH  =   5.6  Ca++0  =    30  3.9  8  PPM       AVERAGE    FLOW   RATE   =    50.46   ML/MIN 

ELAPSED  TIME      (MIN)  FLOW   RATE      (ML/MIN)         CUMULATIVE   Na  REMOVED    (%) 

10  59.2  35.85 

20  64.0  57.54 

30  68.0  69.29 

40  60.1  75.97 

50  58.0  80.93 

60  55.0  84.78 

70  51.7  87.9  7 

80  50.3  90.65 

90  47.6  93.03 

100  46.6  95.00 

110  44.2  96.72 

120  42.8  98.31 

130  41.4  99.76 

140  40.3  101.15 

150  39.4  102.42 

160  38.8  103.58 

Table  E-40.      DATA  FOR   FIGURE   7-56 
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Results   of  sodium   removal   from   lignite  by   column   ion  exchange        Coal 
sample  was    50   GM  of  -8  mesh   lignite   containing  0.36  percent  N a       The 
calcium  wash  solution  was  prepared  by  bubbling  C02   through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24°C       pH  =   6.4  Ca+  +  Q  =    325.97  PPM       AVERAGE    FLOW  RATE   =    25.23  ML/MIN 

ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED    (%) 


10  20.2 

25.4 
30.6 


20 
30 

40  32.6 


50 
60 


80 


120 


140 


25.9 
22.6 


70  21.9 


22.4 


90  24.1 

100  25.0 

HO  26.2 


26.5 


130  26.3 


25.7 


150  27.0 

160  21.2 

Table   E-41.      DATA  FOR  FIGURES   7-57  AND   7-58 


12 

.50 

28 

.49 

40 

.48 

48 

.85 

54 

.00 

57 

.99 

61, 

.10 

63. 

.84 

66, 

,25 

68. 

28 

70. 

14 

71. 

94 

74. 

64 

74. 

64 

75. 

98 

76. 

84 
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Results   of  sodium   removal    from   lignite  by   column   ion  exchange.      Coal 
sample  was    50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  C0_   through  water  in  the 
presence  of  calcium  carbonate. 

T  =   24°C       pH  =   6.7  Ca++0  =    341   PPM  AVERAGE   FLOW   RATE   =    34.95  ML/MI N 

ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED   (%) 

10  32.2  20.30 

20  38.7  42.45 

30  37.0  52.79 

40  36.0  59.35 

50  35.7  64.31 

60  37.5  68.50 

70  37.5  72.08 

80  36.0  75.4  8 

90  31.3  79.45 

100  35.3  82.67 

110  2  8.8  85.36 

Table  E-42.      DATA  FOR  FIGURE   7-57 


267 


Results    of  sodium  removal    from  lignite  by   column  ion  exchange        Coal 
sample  was   50   GM  of  -8  mesh   lignite   containing  0.36  percent  Na       The 
calcium  wash  solution  was  prepared  by  bubbling  C02   through  water  in 
the  presence  of  calcium  carbonate. 


T   =   24°  C       pH  =   6.5 
ELAPSED  TIME      (MIN) 


Ca++0  =    296  PPM 


AVERAGE    FLOW   RATE   =    62.16   ML/MI  N 


FLOW   RATE      (ML/MIN)         CUMULATIVE   Na  REMOVED    (%) 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 


81.6 
43.5 
52.0 
49.8 


58.9 
70.3 
69.6 
69.0 
67.5 
65.4 
63.4 
54.9 

Table   E-43.      DATA  FOR  FIGURE   7-57 


43.88 
61.74 
71.64 
77.73 
82.28 
86.45 
89.66 
92.78 
95.11 
97.24 
9  8.70 
100.00 
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Results   of  sodium  removal   from  lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh  lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  CO2  through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24° C       pH  =   6.4          Ca++0  =190  PPM  AVERAGE    FLOW   RATE  =   24.24  ML/MI N 

ELAPSED  TIME       (MIN)                         FLOW   RATE  (ML/MI N)         CUMULATIVE   Na  REMOVED    (%) 

3                                                   76  .  7  16  .  36 

6                                                  28.0  22.68 

9                                                   25.7  28.26 

12                                                    24.0  33.36 

15                                                  22.3  38.05 

18                                                    20.3  41.20 

21                                                     20.7  44.33 

24                                                   19.7  47.18 

27                                                  18.7  49.54 

30                                                   19.3  51.73 

33                                                    18.7  53.67 

36                                                   18.7  55.35 

39                                                   19.0  56.82 

42                                                   19.3  58.19 

45                                                     18.0  59.53 

48                                                  18.7  60.67 

Table  E-44.      DATA  FOR  FIGURE   7-58 
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Results  of  sodium  removal   from  lignite  by  column  ion  exchange.     Coal 
sample  was    50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  C02   through  water  in 
the  presence  of  calcium  carbonate. 


T  =   24°  C       pH  =   4.3 


ELAPSED  TIME       (MIN) 

10 

20 

30 

40 

50 

60 

70 

80 

90 
100 
110 
120 
130 
140 
150 
160 


Ca 


++ 


=  0 


(DISTILLED  WATER) 


AVERAGE  FLOW  RATE  =25.4  ML/MIN 


FLOW  RATE   (ML/MIN)    CUMULATIVE  Na  REMOVED  (%) 


25.1 

25.8 
26.3 
29.7 
24.1 
24.8 
23.2 
27.9 
24.1 


25.5 
22.7 
24.5 
27.6 
25.2 
25.1 
24.7 


4.18 
12.14 
16.30 
19.50 
22.00 
23.68 
25.24 
26.57 
27.72 
28.73 
29.58 
30.38 
31.16 
31.83 
32.49 
33.10 


Table   E-45.      DATA  FOR  FIGURE    7-59 
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Results   of  sodium  removal   from  lignite  by   column   ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 

calcium  wash  solution  was  prepared  by  bubbling  CC»2  through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24° C       pH  =    4.3  Ca+  +  0  =  0  AVERAGE    FLOW  RATE   =   56.3  ML/MI N 

(DISTILLED  WATER) 

ELAPSED  TIME      (MIN)                        FLOW   RATE      (ML/MIN)  CUMULATIVE  Na  REMOVED    (%) 

10                                                    67.1  17.14 

20                                                     73.0  23.02 

30                                                    68.6  26.45 

40                                                  68.2  28.84 

50                                                    66.5  30.80 

60                                                  60.8  32.29 

70                                                    61.9  33.67 

80                                                  58.3  34.97 

90                                                    47.7  36.16 

100                                                    50.1  37.09 

110                                                     48.6  38.04 

120                                                     49.4  38.97 

130                                                    45.5  39.67 

140                                                    46.4  40.37 

150                                                    44.2  41.05 

160                                                     44.8  41.70 

Table  E-46.      DATA  FOR  FIGURE   7-59 
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Results  of  sodium  removal  from  lignite  by  column  ion  exchange.     Coal 
sample  was  50  GM  of  -8  mesh  lignite  containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  C0?  through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24° C       pH  =   3.0          Ca++0  =  0  AVERAGE    FLOW  RATE  =   25.33  ML/MIN 

(DISTILLED  WATER) 

ELAPSED  TIME      (MIN)                       FLOW  RATE  (ML/MIN)        CUMULATIVE  Na  REMOVED   (%) 

10                                                  27.4  13.53 

20                                                  23.4  22.58 

30                                                   22.6  29.79 

40                                                   30.4  37.85 

50                                                 24.8  42.33 

60                                                27.3  46.39 

70                                                   27.0  49.93 

80                                                 23.0  52.74 

90                                                  25.5  55.60 

100                                                 22.6  57.95 

110                                                   24.3  60.38 

120                                                 24.4  62.55 

130                                                   24.6  64.59 

140                                                   25.0  66.48 

150                                                   26.1  68.28 

!60                                                 24.9  69.91 

Table  E-47.      DATA  FOR  FIGURE   7-60 
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Results   of  sodium   removal    from   lignite  by   column   ion  exchange.      Coal 
sample  was   50   GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was   prepared  by  bubbling  CO2   through  water  in 
the  presence  of  calcium  carbonate. 

T  =   24°C       pH  =    3.0  Ca++0  =  0  AVERAGE    FLOW  RATE   =   60.83  ML/MIN 

(DISTILLED  WATER) 
ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED    (%) 

10  61.2  19.96 

20  54.8  32.50 

30  61.6  44.48 

40  59.9  52.60 

50  59.2  59.77 

60  59.1  66.14 

70  5  8.1  71.30 

80  65.0  76.50 

90  64.8  80.75 

100  64.0  84.38 

110  62.5  87.26 

120  60.8  89.49 

130  60.6  91.41 

140  60.6  93.09 

150  61.2  94.72 

160  59.8  96.08 

Table  E-48.      DATA  FOR  FIGURE   7-60 
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Results   of  sodium  removal   from  lignite  by  column  ion  exchange       Coal 
sample  was   50  CM  of  -8  mesh    lignite   containing  0.36  percent  Na       The 
calcium  wash  solution  was  prepared  by  bubbling  CO.  through  water  in 
the  presence   of  calcium  carbonate. 

T  to   80C     pH   ■■-■   6.4      Ca++o   =     304.7   PPM     AVERAGE   FLOW  RATE  =25.4  ML/MIN 

(ML/MEN)        CUMULATIVE  Na  REMOVED   (%) 

19.24 
36.25 
48.30 
56.47 
63.15 
68.71 
73.06 
77.70 
81.75 
86.39 
90.80 
94.72 


ELAPSED  TIME 

(MIN) 

FLOW 

RATE 

15 

25.2 

30 

25.2 

45 

25.3 

60 

25.9 

75 

26.5 

90 

26.6 

105 

24.9 

120 

26.7 

135 

26.0 

150 

24.4 

165 

24.1 

180 

24.0 

Table  E-49. 

DATA  FOR 
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Results  of  sodium  removal   from  lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh  lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  CC>     through  water  in  the 
presence  of  calcium  carbonate. 

T  =   0   to   2°C     pH  =   6.4     Ca++o   =   301.7   PPM     AVERAGE   FLOW   RATE   =61.2  ML/MIN 

ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED    (%) 

15  58.7  35.93 

30  65.2  54.95 

45  62.9  64.91 

60  59.1  72.88 

75  62.3  81.04 

90  60.5  87.60 

105  60.1  93.36 

120  58.5  98.43 

135  58.7  102.93 

150  63.8  107.13 

165  65.1  111.20 

180  59.3  114.66 

Table   E-50.      DATA  FOR  FIGURE   7-61 
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Results   of  sodium  removal    from   lignite  by   column  ion  exchange.      Coal 
sample  was   50   GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  CO2    through  water  in 
the  presence   of  calcium  carbonate. 

T  =   5   to   8°C     pH   -    2.9     Ca++o   =   337.5   PPM     AVERAGE   FLOW  RATE   -    25.0  ML/MIN 

ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED    (%) 

15  25.3  22.29 

30  26.7  38.38 

45  27.3  49.08 

60  24.1  57.04 

75  28.9  63.72 

90  25.4  68.67 

105  26.0  73.22 

120  22.8  77.06 

135  26.0  80.33 

150  23.6  83.67 

165  22.3  86.30 

180  21.7  88.62 

Table  E-51.      DATA  FOR  FIGURE    7-62 
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Results   of  sodium  removal   from  lignite  by  column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  CO2  through  water  in 
the  presence  of  calcium  carbonate. 


T  =  4   to   6°C     pH  =   2.9     Ca++o   -    321.5   PPM     AVERAGE   FLOW  RATE   =59.9  ML/MIN 
ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED   (%) 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


60.8 
58.0 
58.0 
58.7 
65.3 
57.5 
59.6 
60.5 
61.7 
60.4 
59.5 
58.9 


36.43 
52.74 
64.15 
71.83 
78.41 
83.34 
87.51 
91.44 
94.89 
97.71 
100.24 
102.01 


Table   E-52.      DATA  FOR  FIGURE    7-62 
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Results   of  sodium   removal    from   lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na. 


2   to   4°C     pH  =   5.3 


Ca     o  =   0 


(DISTILLED  WATER) 


AVERAGE    FLOW  RATE   =   25.1   ML/MI N 


ELAPSED  TIME      (MIN) 


FLOW   RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED   (%) 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


26.5 

25.5 
25.9 


24 

24 

26 

24 

25 

22 

26 

23.5 

25.0 


8.60 
13.45 
17.15 
20.00 
22.16 
24.05 
25.43 
27.06 
28.29 
29.50 
30.54 
31.39 


Table  E-53.      DATA  FOR  FIGURE    7-63 


Results   of  sodium   removal    from   lignite  by   column  ion  exchange.      Coal 
sample  was    50   GM  of  -8  mesh   lignite   containing  0.36  percent  Na. 


T  =  1  to  3°C   pH  =  5.3 


Ca++o  =  0 


AVERAGE  FLOW  RATE  =  59.5  ML/MIN 


(DISTILLED  WATER) 


ELAPSED  TIME       (MIN) 


FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED    (%) 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


59.5 
59.4 
57.8 
60.6 
58.9 


58. 

60 

60. 

57. 

60, 

60. 

59, 


3, 
7. 

12. 

17. 

20. 

23. 

24. 

26. 

28. 

29. 

30. 

32. 


52 
53 
10 
45 
94 
18 
95 
71 
09 
45 
87 
11 


Table  E-54.      DATA  FOR  FIGURE   7-63 
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Results   of  sodium  removal   from  lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na. 

T  =   5   to   7°C        pH  =    2.85        Ca++o   =   0  AVERAGE   FLOW  RATE   =25.3  ML/MI N 

(DISTILLED   WATER) 

ELAPSED  TIME      (MIN)  FLOW  RATE      (ML/MIN)        CUMULATIVE  Na  REMOVED   (%) 

15  26.3  14.47 

30  25.2  24.55 

45  28.1  33.97 

60  24.1  40.63 

75  23.3  46.41 

90  24.7  51.78 

105  23.5  56.25 

120  26.1  60.61 

135  26.5  64.77 

150  24.0  68.65 

165  27.3  72.23 

180  24.0  75.37 

Table  E-55.   DATA  FOR  FIGURE  7-64 

Results   of  sodium  removal   from  lignite  by   column   ion  exchange.      Coal 
sample  was   50   GM  of  -8  mesh   lignite   containing  0.36  percent  Na. 

T  =    1   to   3°C        pH   =   3.0        Ca++o   =   0  AVERAGE    FLOW  RATE   =59.7  ML/MIN 

(DISTILLED   WATER) 

(ML/MIN)        CUMULATIVE  Na  REMOVED    (%) 

11.27 
24.80 
37.18 
46.16 
55.12 
62.91 
70.70 
76.75 
81.56 
85.10 
88.14 
90.32 


ELAPSED  TIME 

(MIN) 

FLOW  RATE 

15 

59.3 

30 

57.8 

45 

60.1 

60 

57.3 

75 

59.7 

90 

60.7 

105 

59.5 

120 

60.5 

135 

60.1 

150 

60.7 

165 

60.9 

180 

Table  E-56. 

59.5 
DATA  FOR 
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Results  of  sodium  removal   from  lignite  by  column  ion  exchange.     Coal 
sample  was  50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  CO2  through  water  in 
the  presence  of  calcium  carbonate. 


T  =  24°C       pH=6.5 


Ca++=   303  PPM 


AVERAGE   FLOW  RATE   =24.5   ML/MI N 
FOR  FIRST   105  MINUTES 


COAL  BED  DIAMETER  =    1  INCH 
COAL  BED  HEIGHT  =  6-1/2  INCHES 


ELAPSED  TIME 
(MIN) 

15 

30 

45 

60 

75 

90 
105 
120 
135 
150 
165 
180 


FLOW 

RATE 

(ML/MIN) 

25 

2 

23 

6 

25 

2 

24 

2 

25 

2 

24 

0 

23 

6 

22. 

1 

19 

4 

18. 

7 

18. 

5 

17 

5 

CUMULATIVE  Na  REMOVED 

m 
22.3 

32.6 
38.9 
43.5 
47.1 
49.9 


52 

54 

56 

58, 

59 


61.0 


Table  E-57.   DATA  FOR  FIGURE  7-65 
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Results   of  sodium  removal    from   lignite  by  column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh    lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  CO2  through  water  in 
the  presence   of  calcium  carbonate. 


T  =   24°  C       pH  =  6.5 


Ca++  =    321  PPM 


AVERAGE    FLOW   RATE   =25.1  ML/MIN 


COAL   BED   DIAMETER  =    1-1/2   INCHES 
COAL  BED  HEIGHT  =    3  INCHES 


ELAPSED  TIME 

FLOW  RATE 

(MIN) 

(ML/MIN) 

15 

26.6 

30 

24.6 

45 

24.8 

60 

25.2 

75 

24.7 

90 

25.0 

105 

25.2 

120 

24.2 

135 

25.6 

150 

24.8 

165 

25.5 

180 

24.6 

Tabl 

e  E-58.   DATA  FOR 

CUMULATIVE  Na  REMOVED 
(%) 

28.9 
44.1 
55.0 
61.7 
66.5 
70.3 
73.1 
75.3 
77.3 
78.7 
80.1 
81.2 
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Results  of  sodium  removal   from  lignite  by  column  ion  exchange.      Coal 
sample  was  50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  CO2  through  water  in  the 
presence  of  calcium  carbonate. 


T  =   24° C       pH  =   6.5 


Ca++=    320  PPM 


AVERAGE   FLOW  RATE  =24.8  ML/MI N 


COAL   BED  DIAMETER  =    1-7/8  INCHES 
COAL   BED  HEIGHT  =    1-1/2   INCHES 


ELAPSED  TIME 
(MIN) 

15 

30 

45 

60 

75 

90 
105 
120 
135 
150 
165 
180 


FLOW   RATE 

CUMULATIVE  Na  REMOVED 

(ML/MI  N) 

(%) 

25.3 

26.6 

23.8 

43.5 

24.7 

56.8 

25.2 

65.0 

24.4 

70.9 

24.9 

75.2 

24.4 

78.5 

25.5 

81.2 

24.6 

83.3 

25.4 

85.2 

24.3 

86.8 

25.0 

87.9 

Table  E-59.   DATA  FOR  FIGURE  7-65 
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Results   of  sodium  removal   from  lignite  by  column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0 .  36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  C02  through  water  in 
the  presence  of  calcium  carbonate. 


++ 


T  =  2  to   8°C     pH  =  6.5     Ca     =   299  PPM 


AVERAGE   FLOW  RATE  =    25.0   ML/MIN 


COAL   BED   DIAMETER  =    1-7/8  INCHES 
COAL   BED  HEIGHT  =    1-1/2   INCHES 


ELAPSED  TIME 
(MIN) 

15 

30 

45 

60 

75 

90 
105 
120 
135 
150 
165 
180 


FLOW   RATE 
(ML/MIN) 

25.8 
24.6 
23.6 
25.0 
25.1 
25.0 
24.6 
25.6 
24.8 
25.2 
25.0 
24.9 


CUMULATIVE  Na  REMOVED 
(%) 

18.4 
31.9 
41.9 
48.4 
53.1 
56.6 
59.3 
61.3 
62.8 
64.0 
65.0 
65.8 


Table  E-60.   DATA  FOR  FIGURE  7-66 
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Results   of  sodium  removal   from  lignite  by   column   ion  exchange.      Coal 
sample  was    50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  C02   through  water  in  the 
presence  of  calcium   carbonate. 


T  =   2   to   7°C     pH  =   6.5 


Ca++  =    348  PPM 


AVERAGE    FLOW  RATE  =   25.1   ML/MIN 


COAL   BED  DIAMETER  =    1-1/2   INCHES 
COAL   BED  HEIGHT  =    3-1/8  INCHES 


ELAPSED  TIME 
(MIN) 


FLOW  RATE 
(ML/MIN) 


CUMULATIVE  Na  REMOVED 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


24 

25 

25 

24 

26 

24 

25 

24.8 

25.8 

24.8 


25, 
24 


18.3 
31.0 
39.3 
45.7 
50.4 
54.2 
56.8 
59.0 
60.6 
62.0 
63.4 
64.5 


Table  E-61.   DATA  FOR  FIGURE  7-66 
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Results  of  sodium  removal   from  lignite  by  column  ion  exchange.     Coal 
sample  was  50  GM  of  -8  mesh   lignite  containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  C02  through  water  in 
the  presence  of  calcium  carbonate. 


T  =  24°C 


++ 


pH  =  6.5     Ca       =   346  PPM 


AVERAGE  FLOW  RATE  =  59.4  ML/MI N 


COAL  BED  DIAMETER  =   1-1/2  INCHES 
COAL  BED  HEIGHT  =    3  INCHES 


ELAPSED  TIME 
(MIN) 


FLOW  RATE 
(ML/MIN) 


CUMULATIVE  Na  REMOVED 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


57.1 
60.0 
58.0 
59.4 
57.7 
60.1 
56.7 
63.2 
60.0 
60.0 
59.3 
59.4 


35.6 
51.8 
62.3 
69.1 
75.2 
79.3 
82.2 
84.5 
86.4 
88.3 
89.7 
90.8 


Table  E-62.   DATA  FOR  FIGURE  7-67 


285 


Results   of  sodium  removal   from   lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  CO2   through  water  in 
the  presence  of  calcium  carbonate. 


T  =   24° C 


++ 


pH  =   6.5     Ca       =    327  PPM 


AVERAGE   FLOW  RATE  =   59.6  Ml/MIN 


COAL   BED  DIAMETER  =    1-7/8  INCHES 
COAL   BED  HEIGHT  =    1-5/8  INCHES 


ELAPSED  TIME 
(MIN) 


FLOW   RATE 
(ML/MIN) 


CUMULATIVE  Na  REMOVED 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


63.6 
56.4 
58.0 
56.6 
60.5 
58.1 
62.0 
60.7 
60.8 
58.8 
60.0 
58.6 


39.1 
59.5 
68.3 
72.8 
76.2 
78.9 
80.6 
81.9 
82.9 
83.6 
84.1 
84.4 


Table  E-63.      DATA  FOR  FIGURE   7-67 
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Results   of  sodium   removal   from  lignite  by   column   ion  exchange.      Coal 
sample  was    50  GM  of  -8  mesh    lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  CO2   through  water  in 
the  presence  of  calcium  carbonate. 


T  =   2   to    8°C     pH  =   6.5      Ca       =325  PPM 


AVERAGE    FLOW   RATE   =56.1    ML/MIN 


COAL   BED   DIAMETER  =    1-1/2   INCHES 
COAL   BED  HEIGHT  =    3   INCHES 


ELAPSED  TIME 
(MIN) 


FLOW   RATE 
(ML/MIN) 


CUMULATIVE  Na  REMOVED 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


59.7 
61.0 
59.9 
61.3 
60.0 
60.0 
58.5 
59.0 
56.0 
53.0 
47.5 
40.5 


26.1 
43.0 

52.7 
58.3 
62.2 
66.4 
69.2 
71.7 
73.8 
75.6 
77.2 
78.5 


Table   E-64.      DATA  FOR  FIGURE   7-68 
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Results   of  sodium  removal    from   lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -8  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  CO2   through  water  in  the 
presence  of  calcium  carbonate. 


+  + 


T  =    3  to   8°C     pH  =   6.5     Ca       =325   PPM 


AVERAGE    FLOW   RATE   =60.1    ML/MIN 


COAL   BED   DIAMETER  =    1-7/8   INCHES 
COAL   BED  HEIGHT   =    1-1/2    INCHES 


ELAPSED  TIME 
(MIN) 


FLOW  RATE 
(ML/MIN) 


CUMULATIVE  Na  REMOVED 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


58.0 
59.9 
60.8 
61.3 
60.0 
60.4 
59.5 
59.6 
60.5 
60.0 
60.9 
60.4 


24.4 
37.4 
45.2 
51.2 
55.2 
58.3 
60.8 
62.7 
64.3 
65.9 
67.2 
68.0 


Table  E-65.   DATA  FOR  FIGURE  7-68 
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Results   of  sodium   removal   from   lignite  by   column   ion  exchange.      Coal 
sample  was   50  GM  of  -6+8  mesh   lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  CO2   through  water  in  the 
presence  of  calcium   carbonate. 

T  =   24°C  pH  =   6.5     Ca++   =    312   PPM  AVERAGE   FLOW   RATE   =   59.9   ML/MIN 

COAL    BED   DIAMETER  =    1-1/2   INCHES 
COAL    BED  HEIGHT  =    3-1/8   INCHES 

ELAPSED  TIME 
(MIN) 

15 

30 

45 

60 

75 

90 
105 
120 
135 
150 
165 
180 

Table  E-66.   DATA  FOR  FIGURE  7-69 


FLOW   RATE 

CUMULATIVE  Na  REMOVED 

(ML/MIN) 

(%) 

59.4 

14.9 

58.9 

21.7 

59.4 

26.7 

60.7 

30.8 

60.5 

34.3 

60.7 

37.4 

60.1 

40.1 

59.7 

42.4 

59.8 

44.4 

60.1 

46.3 

60.3 

48.2 

59.2 

49.9 
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Results   of  sodium  removal   from  lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -20+28  mesh   lignite   containing  0.36  percent  Na.      The 
calcium  wash  solution  was  prepared  by  bubbling  CC>2   through  water  in  the 
presence   of  calcium  carbonate. 


T  =    24° C 


++ 


pH  =   6.5      Ca       =337  PPM 


AVERAGE    FLOW  RATE  =   60.3  ML/MIN 


COAL   BED   DIAMETER  =    1-1/2   INCHES 
COAL   BED  HEIGHT  =    3   INCHES 


ELAPSED  TIME 
(MIN) 


FLOW   RATE 
(ML/MIN) 


CUMULATIVE   Na  REMOVED 
(%) 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


60.9 
59.1 
61.2 
60.8 
60.6 
60.0 
60.7 
59.9 
60.5 
60.0 
60.7 
60.0 


30.4 
43.3 
51.9 
58.1 
62.6 
65.4 
68.0 
69.7 
71.4 
72.4 
73.1 
73.6 


Table   E-67.      DATA  FOR  FIGURE   7-69 
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Results  of  sodium  removal  from  lignite  by  column  ion  exchange.  Coal 
sample  was  50  GM  of  -65+100  mesh  lignite  containing  0.36  percent  Na. 
The  calcium  wash  solution  was  prepared  by  bubbling  CO2  through  water 
in  the  presence  of  calcium  carbonate. 


T  =  24° C 

pH  =  6.5 

Ca++  =    341   PPM 

ELAPSED  TIME 

FLOW  RATE 

(MIN) 

(ML/MIN) 

15 

59.4 

30 

59.7 

45 

60.7 

60 

60.5 

75 

60.4 

90 

60.0 

105 

60.0 

120 

58.8 

135 

60.5 

150 

60.0 

165 

60.0 

180 

60.3 

AVERAGE   FLOW  RATE  =   60.0  ML/MIN 

CUMULATIVE  Na  REMOVED 
(%) 

60.4 
80.6 
86.0 
88.0 
88.7 
89.0 
89.1 
89.1 
89.1 


89 
89 
89 


Table  E-68.   DATA  FOR  FIGURE  7-69 
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Results  of  sodium  removal   from  lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -6+8  mesh  lignite   containing  0.36  percent  Na.     The 
calcium  wash  solution  was  prepared  by  bubbling  C02  through  water  in  the 
presence  of  calcium  carbonate. 

T  =    1   to  6°C     pH  =   6.5     Ca++  =    304  PPM  AVERAGE   FLOW  RATE  =60.0  ML/MI N 

COAL   BED  DIAMETER  =    1-1/2   INCHES 
COAL   BED  HEIGHT  =    3-1/8  INCHES 

ELAPSED  TIME  FLOW   RATE  CUMULATIVE   Na  REMOVED 

(MIN)  (ML/MI  N)  (%) 

15  60.0  10.4 

30  60.4  16.5 

45  60.0  21.2 

60  60.0  24.9 

75  59.8  28.6 

90  59.9  31.6 

105  60.7  34.2 

120  60.7  36.7 

135  59.6  39.1 

150  59.5  41.2 

165  60.0  43.1 

180  60.3  44.9 

Table   E-69.      DATA  FOR  FIGURE    7-70 
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Results   of  sodium  removal    from  lignite  by   column  ion  exchange.      Coal 
sample  was   50  GM  of  -20+28  mesh   lignite   containing  0.36  percent  Na. 
The  calcium  wash  solution  was  prepared  by  bubbling  CO2   through  water 
in  the  presence  of  calcium  carbonate. 


T  =   1   to   7°C     pH  =  6.5 


Ca++  =32  8  PPM 


AVERAGE   FLOW   RATE  =   59.9   ML/MIN 


COAL   BED   DIAMETER  =    1-1/2   INCHES 
COAL   BED  HEIGHT  =3.0   INCHES 


ELAPSED  TIME 
(MIN) 


FLOW  RATE 
(ML/MIN) 


CUMULATIVE  NA  REMOVED 


15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 


59.4 
58.6 
61.0 
59.6 
58.6 
60.1 
60.3 
60.5 
60.7 
60.3 
59.6 
59.5 


15.4 
26.7 
34.8 
41.7 
47.7 
52.7 
57.5 
61.5 
65.3 
69.0 
71.7 
74.8 


Table  E-70.   DATA  FOR  FIGURE  7-70 


293 


Results   of  sodium  removal   from  lignite  by  column  ion  exchange.      Coal 
sample  was   50  GM  of  -65+100  mesh   lignite   containing  0.36  percent  Na. 
The   calcium  wash  solution  was  prepared  by  bubbling  C02   through  water  in 
the  presence  of  calcium  carbonate. 


++ 


T  =   1   to   7°C     pH  =   6.5     Ca       =    311   PPM 


AVERAGE   FLOW  RATE   =   60.0  ML/MIN 


COAL   BED  DIAMETER  =    1-1/2   INCHES 
COAL  BED  HEIGHT  =   2-7/8  INCHES 


ELAPSED  TIME 

FLOW  RATE 

(MIN) 

(ML/MIN) 

15 

59.6 

30 

58.9 

45 

60.5 

60 

60.0 

75 

60.7 

90 

60.1 

105 

60.0 

120 

60.2 

135 

60.0 

150 

60.0 

165 

60.6 

180 

59.1 

Tab] 

le   E-71.   DATA  FOR 

CUMULATIVE  Na  REMOVED 
(%) 

42.8 
64.8 
75.8 
81.5 
84.9 
87.4 
89.2 
90.2 
91.2 
91.9 
92.5 
93.1 
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DATA  ON  CALCIUM  WASH  PREPARATIONS:      TABLES  E-72  THROUGH  E-80 

Rate  of  calcite  dissolution  in  water  in  the  presence  of  bubbling  C02 

T  =   24°            STIRRED  SAMPLES            1330  ML/MIN  C02  -100+150  MESH 

TIME    (MIN)  Ca++      (PPM) 

Fritted  Glass                                           15  80.3 

30  139.6 

45  160.5 

60  186.8 

75  220.0 

Open  Tube                                                   10  59.3 

20  82.0 

30  95.1 

40  123.8 

50  142.1 

Table   E-72.      DATA  FOR  FIGURE   7-59 
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Rate  of  calcite   dissolution  in  water  in  the  presence  of  bubbling  C09 
T  =   24° C  UNSTIRRED  SAMPLES  60  ML/MI N  C02   FLOW   RATE 


•8+10  mesh  calcite 


-28+35  mesh  calcite 


-100+150  mesh  calcite 


-325  mesh  calcite 


TIME    (MIN) 

Ca       (PPM) 

15 

10.5 

30 

12.2 

45 

14.0 

60 

17.4 

75 

20.9 

15 

10.5 

30 

14.0 

45 

19.2 

60 

25.3 

75 

30.0 

10 

14.0 

20 

15.7 

30 

17.4 

40 

17.4 

50 

17.4 

15 

76.8 

30 

94.2 

45 

99.4 

60 

109.9 

75 

120.3 

Table   E-73.      DATA  FOR  FIGURE   7-60 
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Rate  of  calcite  dissolution  in  water  in  the  presence  of  bubbling  C02 
T  =   24°  UNSTIRRED  SAMPLES 

-8+   10  mesh  calcite 


-28+35  mesh  calcite 


100+150  mesh  calcite 


-325  mesh  calcite 


1330  ML/MIN  C02   FLOW 

RATE 

TIME 

(MIN) 

Ca++    (PPM) 

15 

22.7 

30 

26.2 

45 

38.4 

60 

43.6 

75 

51.9 

15 

40.1 

30 

45.3 

45 

54.1 

60 

61.0 

75 

66.3 

10 

30.0 

20 

34.9 

30 

40.1 

40 

41.9 

50 

43.6 

15 

160.4 

30 

188.4 

45 

197.1 

60 

211.1 

75 

225.0 

Table  E-74.      DATA  FOR  FIGURE   7-61 
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Rate  of  calcite  dissoluti 


on 


in  water  in  the  presence  of  bubbling  002 


T  =   24°C 


STIRRED  SAMPLES 


60  ML/MIN  CO.   FLOW   RATE 


++ 


TIME      (MIN)        Ca        (PPM) 


-8+10  mesh  calcite 


-28+35  mesh  calcite 


-100+150  mesh  calcite 


-325  mesh  calcite 


10 

17.4 

20 

14.0 

30 

15.7 

40 

20.1 

10 

20.9 

20 

27.9 

30 

34.9 

40 

44.5 

50 

54.1 

10 

38.4 

20 

57.5 

30 

66.3 

40 

75.0 

50 

85.4 

15 

174.4 

30 

193.6 

45 

246.0 

60 

263.5 

75 

284.1 

Table  E-75.   DATA  FOR  FIGURE  7-62 
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Rate  of  calcite  dissolution  in  water  in  the  presence  of  bubbling  (X>2 
T  =   24°C  STIRRED  SAMPLES  1330   ML/MIN  C02   FLOW   RATE 

TIME      (MIN)        Ca++    (PPM) 
-8+10  mesh  calcite 


28+35  mesh  calcite 


100+150  mesh  calcite 


-325  mesh  calcite 


10 

14.0 

20 

17.4 

30 

21.8 

40 

24.4 

50 

27.9 

10 

22.7 

20 

36.6 

30 

48.0 

40 

58.4 

10 

59.3 

20 

82.0 

30 

95.1 

40 

123.8 

50 

142.1 

15 

253.0 

30 

262.0 

45 

276.0 

60 

302.0 

75 

352.3 

Table   E-76.      DATA  FOR  FIGURE   7-63 


299 


Rate  of  calcite  dissolution  in  water  in  the  presence  of  bubbling  CO 
T  =   246C  STIRRED  SAMPLES  1330  ML/MIN  CC>2   FLOW  RATE 


TIME      (MIN)        Ca++    (PPM) 


-100+150  mesh  calcite 


-325  mesh  calcite 


325  mesh  calcite 


15 

62.8 

30 

92.5 

45 

125.5 

60 

148.2 

75 

167.5 

15 

306.1 

30 

275.0 

45 

322.3 

60 

339.0 

75 

329.2 

15 

322.2 

30 

329.2 

45 

317.8 

60 

327.9 

75 

316.0 

Table  E-77.  DATA  FOR  FIGURE  7-63 
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Rate  of  calcite  dissolution  in  water  in  the  presence  of  bubbling  C02 
T  =   2   to  4°C       STIRRED  SAMPLES  60  ML/MIN  C02   FLOW  RATE 

TIME  (MIN)        Ca++      (PPM) 

-8+10  mesh  calcite                                  15  8«7 

30  12.2 

45  12.2 

60  14.0 

75  15.7 

-28+35  mesh  calcite                                15  10-5 

30  12.2 

45  14.0 

60  15.7 

75  17.4 

-100+150  mesh  calcite                            15  24.4 

30  26.2 

45  30.0 

60  36.6 

75  47.1 

-325  mesh  calcite                                   15  116.9 

30  167.5 

45  216.2 

60  241.0 

75  250.5 

Table  E-78.      DATA  FOR  FIGURE   7-64 


301 


Rate  of  calcite  dissolution  in  water  in  the  presence  of  bubbling  C02 
T  =    2   to   4°C       STIRRED  SAMPLES  1330   ML/MIN  CC>2   FLOW  RATE 


TIME      (MIN)        Ca++      (PPM) 


100+150  mesh  calcite 


-100+150  mesh  calcite 


-325  mesh  calcite 


-325  mesh  calcite 


15 

37.7 

30 

54.1 

45 

64.0 

60 

72.1 

75 

83.5 

15 

37.7 

30 

47.1 

45 

59.0 

60 

65.5 

75 

80.3 

15 

316.2 

30 

347.7 

45 

346.0 

60 

34  7.7 

75 

341.0 

15 

323.0 

30 

354.0 

45 

349.3 

60 

347.2 

75 

349.3 

Table  E-79.   DATA  FOR  FIGURE  7-65 
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Rate  of  calcite  dissolution  in  water  in  the  presence  of  bubbling  C02, 
T  =   2   to  4°C       STIRRED  SAMPLES  1330  ML/MIN     CC>2   FLOW   RATE 


++ 


TIME      (MIN)        Ca  (PPM) 


-8+10  mesh  calcite 


-28+35  mesh  calcite 


15 

8.2 

30 

11.5 

45 

13.1 

60 

16.4 

75 

18.0 

15 

22.9 

30 

19.7 

45 

22.9 

60 

26.2 

75 

31.1 

Table   E-80.      DATA  FOR   FIGURE   7-65 
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